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CHEMICAL TESTS
Urushiol is a mixture of three closely related derivatives of catechol which
differ only in the position of the double bonds in their side chains (1, 2). It is
considered the main skin irritant of the poison ivy plant (Rhus toxicodendron).
In these experiments it was desirable to have a method for the quantitative
estimation of urushiol. Advantage was taken of the phenolie nature of this com-
pound for the development of a colorimetric procedure.
This procedure was based on the well knowu Folin-Cioealteau method for the
determination of phenols. In the Folin method the color produced from the reac-
tion of a phenolic compound with a phosphotungstic acid reagent is read pho-
tometrically. Because of the water insolubility of urushiol a modification was
introduced. t Values expressed as gammas of phenol based on a curve plotted for
standard solutions of phenol in water are plotted in Figure 2. This curve was
used as a standard norm for the determination of phenolic values of urushiol
dilutions.
Since urushiol is a derivative of cateehol and thus has two pheuolic residues
per molecule, it would be expected to exist partially in ionic form in aqueous
solution. Because of this ionization it was decided to determine whether ion ex-
change resins could effectively remove urushiol from solutions.
For the in vitro experiments 0.1 % solutions of urushiol were used. They were
prepared from 0.1 ml. urushiolt dissolved in 5 ml. 95 % ethanol. Then 1 ml 1.5
N—KOH was added and the solution made up to 100 ml. with water. Ten ml.
of these solutions were stirred mechanically for 15 minutes with 1 gram amounts
* From the Department of Dermatology and Syphilology of the Boston Dispensary,
a nnit of the New England Medical Center, and the Department of Dermatology, Tufts
College Medical School, Boston (Chief of Clinic: Francis M. Thurmon, M.D.). This work
was supported in part by an Amberlite Ion Exchange Resin Research Fellowship from the
Rohm and Haas Company, Philadelphia; and in part by an Exchange Resin Research
Fellowship from The Squibb Institute For Medical Research, New Brunswick, N. J.
Presented at the fifteenth annual meeting of The Society for Investigative Derma-
tology, Inc., San Francisco, California, June 20, 1954.
f The modification consisted chiefly of the use of 33% sodium hydroxide instead of
sodium carbonate. An aliquot of the unknown solution is pipetted into a 25 cc. volumetric
flask. Five cc. of the Folin-Cioealteau reagent are added and 3.5 cc. of the 33% sodium
hydroxide, made up to volume, set aside for 5 minutes at room temperature, then filtered
and read at 590 mp wave length in the Beckman Model B spectrophotometer.
t The Urushiol used in these experiments was obtained from the Delta Chemical Works,
Inc. New York.
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of Amberlite resin and then filtered over Whatman Filter Paper No. 42 (made in
England). Aliquots of the clear filtrate were used for colorimetric determinations.
The values before adsorption were determined on aliquots of the original solu-
tion.
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FIG. 2
Amberlite Exchange resins, XE-87-2 and XE-87-3, proved to be very effective
in removing urushiol from aqueous solutions and from 66 % glycerine solutions,
but not effective from alcoholic solutions. Patch tests with the clear filtrate from
resin XE-87-2 and the filtrate from resin XE-87-3 which gave a slightly tinted
phenol reaction on human skins with known sensitivity to urushiol for time
periods ranging from 1 hour 6 minutes to 2 hours failed to produce positive
reactions.
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* GLYCERIN IN CONCENTRATIONS OF 10% - 66% - 100% DOES NOT ABSORB URUSHIOL.
CLINICAL TESTS
Since Amberlite exchange resins XE-87-2, and XE-87-3 effectively remove
urushiol from solutions, it immediately became desirable to project this faculty
into possible clinical uses. The account of this projection follows.
MATERIAL
Amberlite Resins. The use of these two resins imply the principle of monobed
deionization (4). Monobed deionization implies a resin bed which contains both
acidic groups and basic groups, mixed intimately in definite ratios, and possess-
ing the ability to remove cations and anions simultaneously from solution.
Amberlite XE-87-2 is a buffered mixture of cation and anion exchange resins
containing a polystyrene sulfonic acid resin, a modified acrylic type carboxylic
exchanger, an alkylene polyamine anion exchanger and a quaternary ammonium
base adsorbent. The pH of this mixture was about neutral.
Amberlite XE-87-3 is a buffered mixture of cation and anion exchange resins
containing a polystyrene sulfonic acid cation exchanger, a modified acrylic type
earboxylic exchanger and a polyvinyl polyamine anion resin of intermediate
basicity. The ratio of these various components is adjusted to give a pH in the
range of 5.5—7.0, similar to the pH range of various normal skin surfaces.
Subjects. Ten adult individuals volunteered as subjects for these experiments.
They were doctors, nurses, social service workers, secretaries. In consideration
of what they suffered each should be rewarded. Their service is deeply appre-
ciated.
Urushiol. Urushiol, even in weak dilution, applied in patch tests on the skin
is an exceedingly irritative substance. It became imperative to conduct patch
test experiments with various urushiol dilutions at various time periods of appli-
catioii, in order to determine the weakest dilutions capable of producing the
greatest number of positive reactions in the shortest period of time.
In fairness, one is prompted to emphasize that while urushiol is the so-called
active principle of Rhus toxicodendron, it nevertheless remains to be shown that
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PhOTOGRAPH 1. Patch test reaction to Urushiol 0.25% acetone solution. This reaction
is 7 days duration.
poison ivy extract and urushiol are identical clinically. Clinically, in its way,
the toxic effect of urushiol would compare with the supreme toxicity of undiluted
moccasin venom, while Rhus toxicodendron venenata would compare with the
milder reactions of moccasin venom in 1 to 3000 dilution.
Chemical Preparations. The chemical and pharmaceutical materials used in
these experiments were: Resins XE-87-2, and XE-87-3, 10 % and 15 % concen-
tration, in 66% glycerine; glycerine 10% and 66%; alcohol, grain 65%; acetone;
zirconium oxide 10 % in washable cream base; washable cream base; cortifan
cream 1 %; prantal cream 2 %; kerodex 71, wet; covicone cream; silicone "200";
detergent oil 11-83. (Patch tests with each of these materials, applied 48 hours,
then read daily for 5 days, were universally negative.)
Patch tests. The patch tests were made on clear skin of apparently normal
individuals. Test sites usually were the fiexure surface of the forearm, although
in one instance the fiexure surface of the arm was used, and in two instances
the extensor surface of the thigh. Small squares of firm brown absorbent paper
were saturated with urushiol solution and patched on the skin with elastopatches
,
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(Duke). The tests were applied at varying time intervals as is indicated below.
On patch test removal the areas were washed thoroughly with soap and water.
Readings were made in hours and days for as long as necessary.
CLINICAL EXPERIMENTS
Protection, Prevention. Twelve preparations were evaluated as to their clinical
effectiveness as a barrier or protectant against urushiol. Multiple tests with each
preparation were performed on 10 individuals. The urushiol dilutions ranged
from: aqueous 0.0012% to 0.072%; acetone 0.0025% to 0.25%; and alcohol
0.0025 % to 0.25 %. The preventitive or protective substance was first applied
to the skin and the urushiol solution patched directly over same. The time period
of patch test application varied from 1 to 33/ hours.
Not one of the treatments completely served as a successful barrier or pro-
tectant against the urushiol concentrations.
PHOTOGRAPH 2. Patch test reaction to Urushiol 0.01% alcoholic solution despite skin
barrier or protectarit substances. Reading from top down: Control; Kerodex t'71, wet;
Covicorie; Silicone "200" and H-83 oil equal parts. Patches were applied 2 hours. These
reactions are 48 hours old.
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PROTECTION
URUSHIOL 0.01 % ALCOHOLIC SOLUTION
PATCH TESTS APPLIED 2 1/9 HOURS*
READINGS IN DAYS AND HOURS
PROTECTIVE
TREATMENT
TH.
3
TH.
12
FRI.
24
SAT.
48
SUN.
72
MON
96
TU.
120
WED.
144
TH.
68
FRI. SAT. SUN.
192 216 240
MON
264
TU.
288
WED
306
CONTROL +++++++++++tftf ff4 ft -I-t 1- + 4 + 4 + +
KERODEX #71
(WATER REPELLENT)
4ff +1- ft ft ft 1- t t -I 1- t
COVICONE
(PROTECTIVE
SKIN CREAM)
+++ + + + + + + + 4 4 4 + t 0 0
SILICONE "200°
DETERGENT OIL
H-83
+++ 4 -l• 4 4 + 0 0 0 0 0 0 0
GLYCERIN 12.5% +++ +++ +++ +++ +++ +4+ ++ 4+ 4 + 4 + +
GLYCERIN 66.0% +4+ +++ +4+ +++ -f++ +++ ++ + + 4 + 4 4 +
TREATMENT APPLIED TO SKIN AND URUSHIOL PATCHED DIRECTLY OVER SAME.
TEST SITES THOROUGHLY WASHED WITH SOAP AND WATER AFTER PATCHES REMOVED.
In the order of clinical effectiveness the resins XE-87-2 and XE-87-3, the
zirconium oxide cream, and prantal cream (Schering) were the most efficient.
As based on this procedure, the statistical rating as to clinical effectiveness as a
skin barrier or protectant, rate the resins XE-87-2 and XE-87-3 at 98%, zirco-
nium oxide cream at 87 %, and prantal cream at 83 %.
Glycerine, alcohol, acetone, and cortifan cream (Scheririg) actually seemed to
enhance the development of positive urushiol reactions. The washable base
vehicle for zirconium was equally ineffective. Clinically their barrier quality was
entirely negative.
As based on the severity of urushiol patch test reactivity, Kerodex 71, wet,
(Ayerst), was less effective as a skin protectant than was covicone cream (Ab-
bott). Silicone "200" plus detergent oil H83*_equal parts—proved superior to
both. In proved urushiol sensitive skins not once did these materials prevent a
* Detergent oil H-83 is a research product. It is surprisingly effective in removing from
the skin such irritant materials as cutting oils, tar products, the bichromate mixture used
in diesel engine radiators, et cetera, said removal being measured by the fluorescence of
proper ultra violet light.
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PREVENTION
*
URUSHIOL 0.002 % ALCOHOLIC SOLUTION
PATCH TESTS APPLIED 2 HOURS 10 MINUTES
READINGS IN DAYS AND HOURS
PREVENTIVE
TREATMENT
SAT
12
SUN
24
SUN.
36
MOI
48
MOI
60
TUE
72
TUE
84
WEO
96
TH.
120
FRI.
144
SAT.
168
SUN.
192
MO
216
TUE.
240
EI
264
TH.
288
FRI.
306
CONTROL + 4 4 -P ++ 4+ 4+ ++ ++ ++ +4 +4 4 + 0
ZIRCONIUM OXIDE
10%
IN WASHABLE BASE
+ 4 + + 4- 4 +4 +4 4+ 4 4 0 0 0 0
HYDROCORTISONE
CREAM
COMMERCIAL (CORTIFAN)
+ + 4 4 +4 4+ #44 4+ +44 +4 +4 4 4- 4 4
DIPHENMETHANIL
METHYLSULPHATE
2%
GRE AM
COMMERCIAL (PRANTAL)
4- + 4+ 4+ +4 4+ 4+ 4+ ++ I- + p o
RESIN XE-87-2
15%
IN 66 % GLYCERIN
0 0 0 0 ± ± ± ± ± ± ± 0 0 0 0 0 0
RESIN XE -87-3
15%
IN 66 % GLYCERIN
0 0 0 0 ± 0 0 0 0 0 0 0 0 0 0 0 0
TREATMENT APPLIED TO SKIN AND URUSHIOL PATCHED DIRECTLY OVER SAME.
TEST SITES WASHED THOROUGHLY WITH SOAP AND WATER AFTER PATCHES REMOVED.
positive reaction, but the degree of local reactivity varied with each protectant
used. The above rating is based on the comparative degree of this reactivity.
Some skins do not react to urushiol stimulation with the dilution used in these
experiments. Of 10 subjects undergoing multiple and repeated patch tests, 4 did
not react positively even once. They appeared to possess an inherent immunity
against the substance. Their index of sensitization to the topical application of
urushiol in low dilution is apparently negligible. But of those who did react,
depending on the dilution used and the time period of patch test application,
the local reactions ranged from simple erythema through edema and infiltration
to thickly studded vesiculation and even ulceration. The pruritus was intense.
It is significant that the four individuals who did not react to urushiol, also
gave no history of ever having plant venenata, 110 contact dermatitis of any type,
no respiratory sensitivity, no urticaria, and no eczema or atopic dermatitis.
However, one individual, previously a non-reactor similar to the above 4 sub-
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PHOTOGRAPH 3. Patch test reaction sites to Urushiol 0.01% alcoholic solution illustrat-
ing the type of dermatitis which was treated, each with its respective therapy. These test
sites are 7 days old.
jects, gave strongly positive and prolonged patch test reactions to urushiol. In
the remaining five subjects who did react to urushiol, there was a previous his-
tory of poison ivy dermatitis in four, and of urticaria and seasonal hay fever in
one.
Treatment. Urushiol solutions were patched on clear skins for periods ranging
from one hour and 50 minutes to 9/ hours. These time periods were considered
adequate to produce positive reactions in urushiol sensitive individuals. On
removal of the patch test, the test sites were washed thoroughly with soap and
water and topical treatment was instituted immediately.
Each individual was supplied with a treatment kit containing zirconium oxide
cream 10 %, hydrocortisone cream 1 %, diphenmethanil methylsulfate cream 2%,
resin XE-87-2-10 % suspension in 66 % glycerine, and resin XE-87-3-1O % sus-
pension in 66 % glycerine. Earlier experiments had shown alcohol, glycerine, and
the washable cream base not to be effective as a therapy. Their use was dis-
continued.
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TREATMENT
URUSHIOL 0.072% AQUEOUS SOLUTION
PATCH TESTS APPLIED 2 HOURS
READINGS IN DAYS AND HOURS
TREATMENT WED.
10
TH.
24
FRI.
48
LA1.
72
.3Uk
96
AOJ
120
liE.
144
WEC
68
TH.
192
FRI.
216
SAT.
240
CONTROL 0 + + + + ++++ ++ 4f +H- +H- ++4 + + 4 +
GLYCERIN
10%
0 + + +++ 4+4 +4+ +4+ 4+4 +44 4+ + +
GLYCERIN
66%
0 + + +++ +++ +++ ++ +++ +++ + + + +
RESIN XE-87-2
0%
IN 66% GLYCERIN
0 ++ ++ + 4+ +4 ++ + 0 0 0
RESIN XE-87-3
10%
IN 66% GLYCERIN
0 +4 +4 + 4+ 4+ +4 4+ 0
* URUSHIOL PATCHED ON CLEAR SKIN 2 HOURS.
TEST SITES WASHED THOROUGHLY WITH SOAP AND WATER AFTER PATCHES REMOVED.
THEN TREATED EACH AREA WITH RESPECTIVE MEDICATION I OR 2 TIMES DAILY.
The control was not treated. Each of the remaining areas was treated with
its respective medicament a minimum of three times daily. Some of the subjects
applied treatment as much as 10 times in 24 hours, depending on the severity of
pruritus and discomfort both night and day. It was not uncommon for nocturnal
pruritus to produce insomnia, especially during the infiltrative and vesiculating
weeping serous phase.
It became apparent that the treatment of urushiol patch test dermatitis did
not follow the concepts of successful therapy for poison ivy dermatitis. Previous
clinical experience with the resin-glycerol suspension used as a topical therapy
in 28 cases of poison ivy dermatitis clearly demonstrated the ivy dermatitis to
be controlled in 1 day for mild cases to 5 days for severe cases. But with urushiol,
once a severe dermatitis has been produced, no treatment completely controlled
it under 7 to 9 days. There is an unexplained obstinancy to the localized areas
of urushiol sensitization. However, comparatively speaking, the resin-glycerol
suspension was relatively effective in the relief obtained and in the clearing of
reaction sites as contrasted with the other therapeutic medium studied. One
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PHOTOGRAPH 4. Patch test reactions to Urushiol 0.01% alcoholic solution typifying
dermatitis produced for treatment. Patch tests were applied 2 hours. These reactions
are of 7 days duration.
individual considered the zirconium oxide cream to be superior, but with the
others, as based on unbiased opinion, the resin-glycerol suspension gave greater
relief for longer periods, and in all instances cleared the reaction sites days sooner
than did the similarly applied contrasting therapeutic agents.
Positive reactions did not necessarily occur immediately. Sometimes as long
as 9 days elapsed before the patch tested areas became positive. Actually this
variation of earliest time required for a positive reaction to appear ranged from
3 hours to 9 days, averaging 41.4 hours.
To compare the therapeutic values of zirconium, prantal, cortifan, resin XE—
87-2, and resin XE-87-3, 10 treatment evaluations were made with each of these
previously designated preparations on 5 known urushiol-sensitive individuals.
With one exception, namely the zirconium cream, the resin-glycerol suspensions
gave greater relief for longer periods of time and cleared the positive reaction
sites days sooner than did the other medicaments studied. Table 5 illustrates
these comparative values.
Rated in order of therapeutic efficiency the resins XE-87-2 and XE-87-3 were
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TREATMENT
URUSHIOL 0.002% ALCOHOLIC SOLUTION
PATCH TESTS APPLIED I HOUR 50 MINUTES
*
READINGS IN DAYS AND HOURS
TREATMENT
SAT.
10
SUN
24
SUN
36
MON
48
TUE
72
WED
96
TH.
120
FRI.
144
SAT.
168
SUN.
92
MOI
216
TUE.
240
WEC
261
TH.
288
FRI.
306
SAT.
330
SUN.
354
CONTROL 0 0 0 4 +++ +4+4 +444 4+4 +4+ +4+ 4+1- 4+ 4+ +4 4+ ++ 4+
ZIRCONIUM OXIDE
lOX
IN WASHABLE BASE
0 0 0 + 4+ ++ +++ +++ ++ ++ 4+ 4 4- 4- 4- +
HYDROCORTISONE
IX
CREAM
COMMERCIAL (CORTIFAN)
0 0 0 + +4+ +1-44. +441- 4+4+ +44 +4+ 4+ +4- 4- 4- 4- +
DIPH EN PA E TH AN IL
METHYLSULFATE
2%
CREAM
COMMERCIAL (PRANTAL)
0 0 0 4- ++ +4 4+ 4+ +4 +4 4- 4- 4 4- 4. t t
RESIN XE-87-2
10%
IN 66% GLYCERIN
0 0 0 + + +4 -1-4 ++ + + 0 0 0 0 0
RESIN XE-87-3
10%
IN 66% GLYCERIN
0 0 0 + + 4+ +4- +4 + + + 4 1 o 0
* URUSHIOL SOLUTION PATCHED ON CLEAR SKIN I HOUR 50 MINUTES.
TEST SITES WASHED THOROUGHLY WITH SOAP AND WATER AFTER PATCHES REMOVED.
THEN EACH AREA WAS TREATED WITH ITS RESPECTIVE MEDICATION 3 OR MORE TIMES DAILY.
of approximately par value. They proved superior to zirconium cream, prantal
cream, and cortifan cream which are rated in the respective order of their clini-
cal efficiency.
As measured in days required to clear the patch test areas of severe urushiol
dermatitis, resin XE-87-2 averaged 12 days, resin XE-87-3 averaged 14 days,
zirconium cream averaged 16 days, prantal cream 18 days, and cortifan cream
20 days.
It was not unusual for areas which apparently had cleared to become reac-
tivated when later urushiol test sites became positive.
Two individuals, during the height of patch test activity, developed a gen-
eralized pruritus and a fine erythematous papular rash which lasted for 6 and 8
days respectively.
One individual, during sleep with face on forearm, inoculated the lower lip
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mucosa from a fresh patch test area on the forearm. The lip became tensely
swollen and uncomfortable. The discomfort was far greater than that previously
experienced from herpes labialis. It was following this experience that on patch
test removal the test sites were washed thoroughly with soap and water. This
cleansing in no way seemed to influence the skin reactivity to urushiol once it
had been applied for its alloted time. Not one of the positive reaction sites re-
sulted in scarring.
CONCLUSIONS
1. Experiments with urushiol, which universally is considered to be the active
principle of Rhus toxicodendron, have been conducted.
2. As based on the phenol reaction, a chemical procedure for the quantitative
determination of urushiol in aqueous solution has been devised and described.
3. Amberlite resins XE-87-2, and XE-87-3, have a high capacity to absorb
and to detoxify urushiol solutions in vitro.
4. Comparative clinical tests with several substances as to their skin barrier
or protectant ability from urushiol reveal the Amberlite resins XE-87-2, and
XE-87-3, in 10% and 15 % suspensions in 66% glycerine, to be singularly effec-
tive in this regard.
5. Comparative clinical tests with several substances as to their therapeutic
value in relieving the discomfort and in clearing positive urushiol patch test
reactions on human skin, reveal the Amberlite resins XE-87-2, and XE-87-3 to
compare favorably and to be very effective in this respect.
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